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Abstract of JP6061521 

PURPOSE:To obtain a reach-through SAM 
type avalanche photodiode-(APD) which is 
composed of a back incidence type 
compound semiconductor avalanche 
photodiode for a specific wavelength band, 
is suitable for mass-production, and has a 
fast received-light modulating speed and a 
high gain. CONSTITUTION:The 
photodiode has a compound semiconductor 
structure in which an n<->-type InP buffer 
layer 2 having a thickness of >=0.5mum 
and carrier concentration of 
<=5X10<15>cm<-3>, transition layer 3 
composed of n<->-InGaPAs, n<->-InGaAs 
light absorbing layer 4, n<->-type InP 
avalanche area 6, and p<+>-type InP layer 
7 are successively formed on an n<+>-type 
InP substrate 1 . At the time of using the 
photodiode, light is made to incident to the 
photodiode from the substrate 1 side in a 
state where the end of a depletion layer 
having a p-n junction is made to reach the 
inside of the layer 2 by applying a reverse 
bias voltage across the substrate 1 and layer 
7. 
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[SI^^U n* MI nPS« (1) ±ICi|t^O. 5 
itmSk±. +-^'J7«*5X1 Ccm-^etTron- S 
I nPAy:77)i (2) . -5-©±Kn- SI nGaPA 
sia(S;a«S (3) . ^(D±iZn- SlInGaAsiStK 
iR^ (4) . ^<D±\Zn- mi nP7A7>->x«i® 

(6) , ^-WilCp* MinPB (7) ^mSihtzib-t 

(tsa^m^mm^mv. n* leinPStE (d i^^Uv 

' SlnPB (7) MICiS5^|6jAM77>«EESEn3!raL 

T. p-nm^oy^^mmmm/'<yy7m (2) i^gg 
t*TSi-5tft!8T, «rias« (1) »&3t*xits 

[S»*JS2] iJfama^S (3) *t. I nPt^T- 

m^^3} p* MI nPS« (1 1) ±CJ?30. 

5A£m6A±, =^-i'UT«a[5x 1 O^'cm-'ar^p- 
MlnP^fcttp- MAI InAsA*>y7rS (1 
2) . -^-OiCp- MI nGaPAs^fcttp- MAI 
Ga I nA s<Dffl^g#S (13), ^oo±(cp- M I 
nGaAs3t®iRS (14) . -E-©±<rp- MlnGa 
As /A I I n A siBft^HTn^^v-xS* (1 
6) . ^CO±l,Zn* minPm (17) 

m^mf^mm&mv. p* mi np«« (id fcitx 

Ml nPg (1 7) PflJciMJ^lSjA'-f 7X«BE&Bai 
LT, p-nffi-^ro^SSasS^ssaffin-y^rB (1 2) 

rtSSJcsTjS-ri.'Kii-e. (id 

A*-;;7Tetff!rlBSa^aSPglrf^^Ti)>7i< tfeJtKiR 

X 1 C cni-2«TT*0, ?tKiR«ftfi*U. Sum 
filTT I n P t*&^»^Ufci^«l*:S*^rr<5il*« 1 
~ 3 ®Vi-rn;5MCl2«S©7A*7>v'x* K^^-f H. 

to 0 0 1] 

mm±<Dmmiim] *siMtt7A'5>->xjf;hy'f:^- 

-HJCML, if$lcSI®>iex«M© 1 . 3-1. SumW 
ffl{b-&«J*»<^7>'t5>'>x3j^ h^-f :t— HtCMfS. 

[0 0 0 2] ytmfsoinigit. ^mit. iz^s 
\'U-i'\z\t^mycmtmm2. 5Gbit/sec« 

[0 0 0 3] r(7)->X5^AC:feViT, SJtBJStltC 
^n^.!^tt«- 3 0 d BniJ:0/h^;i4S/hSmV'^JU 
(S(i®flD X 6 OGHza±©»«(BT»D. UjJi'b 
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[0 0 0 4] 

V U 7 &iiiliT-5«llg^£fllAfc7n7 >->x:l^ h :t 
-H (APD) *«ttenTV5-S. 

[0 0 0 5] ig2tr, APDSrfflVifcS^IlIKroWS:^ 
■r. S2 (A) fiA-f-f >fcf-^'>7.MSJtlHlK^* 
U H2 (B) ttH5>X-f >t!-^'>XMS?felHl«S«r 
ST. 0 2 (A) (C^-rA-f-f >tf-y>XMS3tlH!K 

i(? 1f2Sli^^t:t'^7>7'^Oii4gg (:/U7>:/) Am 
p*s»asnTV>-5. APDCD?F±$ft*Cd tf* 
A^-f >fc:-^^>XMS3t®»0^5£»ttCd • R 

[0 0 0 6] BI2 (B) «)h7>X-f >lf-y>XMS 

^tiHiKic*3Viri±. K'9v><ii--)5<r>fm\z^^yy-fm 

roiSliSAmpdtftjKSn. iS«iSAmp©ai:^)«i:A 

h9>X'f >t:-3'>;^MS^iias<iDB$^ft«. cd • 

a? [0 0 0 7] R f {i7W-HAy i'figiRfSr 

T, h7>X'f >tf-y>xMS^isiKtt. A-f-f^i; 

[0 0 0 8] A'f'f>t!-y>XMICUTt>h9>X-r 
>fcr-^>XMiCl/Tfc. Ri ■^R f <^fh-r5> 

^lifcio. 3fei8^®®M. •r;S:*3-&:?''J7>yA*« 

bf-y hU-h©7 0%gft (2. SGb/sv'XT^AT 
30 *n«. *<J1. 7 GHz) lC«»-r-5ig^SI*S*5.. L/ife 
*ttjT. fi#fi;ftAPD*<i£JSt)S;«.. 
[0 0 0 9] APDO®Jfi«{fctt. 7tKiRfil«tii«M 

m^^nv (SAMM) , 75^o3tR<R®«T'b«s?inii 

SfT;S:5'J-9"X;k-SAMMAPDC0»fflt, Jgfg^l 
«T-f:t>'fb*©SS^i4rA'U7£aA-r«>fc«), ^KJR 

UTiimmmm^mx^tx^) m\z^^xmgLtsn?>. 
40 n-5. 

[0 0 1 01 jffi:»«ft;tt. *j# • Hftftasss* 

©«^. <£Jtg-^©iti&fcR f «:*:^<-r-5©-t?, CR 

i^^ft*^s<-r«{cf4, (cd+Cf*) «si*/j>a< 
[0 0 11] ^ff^iBi, *smmm<Dmmi. ±eu-5^ 
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[0 0 12] cnsrSitt-sfca&j'ta, (i) . mi 

nP»fi±lCnl!I nPA*7 7r», n- MinGaA 

3tKiOlH©ffiS*#?J2. 5umtt^mmt, (2). - i(? 

SI nP»«±(CnS!l nPA*>y:7T^. n- Ml 
nPteiftgl. n- SI nGaAsJtKiR*. nUIn 
PS§«JB-rs#lfiBtU n- SI nPfiaaEJBtn- 
Sl nGaAs3tK'R»0^lh®J9S*iKl2. Sfttat 

[0 0 13] b*>U (1) »S|jgtC±na, InOa 

[0 0 14] (2) (Dmmz^tm. Mnmm\z 20 

S I n Pejia«t®M©'\7-DS^{CJ;t)«^ 
[0 0 15] -tr-e, ^iSSIgSl. 5Mmg«tU 

5. 
[0 0 16] 

[0 0 17] *f6?g©l«tt, MStttcSU, 

^tmsT^mtpm^^T^ u-g^x;!-- s amsa p d 

[0018] 

[«jas:«i)frsfc»©#ia *5!w®T/t9>->x* 

Ky-f^t-Hli, n* SI nPSiR±lcJP$0. Swin 
£t±. 4^-vU7JSffi5Xl 0'5cm-3etT®n- SI n 40 
Pnyyra. ■?-®±{Cn- S I nCaPAsfflfSai^ 
^(D±iZn- SI nGaAs^tKiR^, ^(D±\Zn 
- SI nPTA*9>->x««, ■t<D±\Zp' SInPg 

*J±t^P* SI nPSr5ttM5&tR)A-i'7xmffi*ai*U 
[0019] ^iz, m8Em^3#^B])t I n P ji^^S^ 

iA^stitr^-i)\ ^it\mmk\zWim-^n>Y^^rv so 
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[0 0 2 0] *»w®T/■^7>•>x3^^^■^'-f:t- 

H«. p' SI nP»«±ic^^O. 5wm«±, 
'J7«ffi5x 1 O^'cm-'l^TOp- SInPSfclip 
- SA 1 I nA s A'y7TB> •€-©±Cp- S I nG a 
PAs*fcl4p- SA 1 Ga I n A s ©M^SS^®. 
©±lrp- SI nGaAs3tKJKg> ^©±l'p- Si 
nGaAs/Al I n As)et&T®7A9>>'x®«. 
^Wifcn-^ SI nPJS&tt)iL&-ffc-&«i|i|^»fli:«l)fi* 
p* S I n P««*<tU^n'- SlnPH©WlCjJ» 
:;5|6JA'-1'7;^«JE*W3JBUT, p-nS^©S2»«*i 
irEA'y7r»l^a5fc*TBi-S««T, tteS««l*i 

[0 0 2 1] 

^ft^^mtomiz^f-am-Btim^^ti. a-^f^M!^ 
[0 0 2 2] ^m^mco^m^msifimifmt. 
tjs-rst. «{twacj:oT^--\'«j7©aa«»sa 

[0 0 2 3] 5l£KiRS4tt, AI*3feS:KK-r^fc»&{CJt 
TP 2 {iAI*3t*3iaS-ti--5&i*tJiVVt> V ^ 

[0 0 2 4] 7A5>->x®«6TltfS*n«:li^tt, 
S&^geiC«e^T5t®'KS4iCSD, S^tcStSlftllC 
|Sj*^5»ICA'5^7TJl2©JgJ«-r5«tt»eAEc Jrj; 

[0 0 2 5] 3ft<&lRm 4 t/^^yyrM 2 (omizi&^m^ 
[0 0 2 6] ii:fe. nSS«S:fflVi««^Srittl^Lfc 

ps»«sfflv»*«^t)»«s*«ji*iE-r-5fcntTa 

^S^^©^»|^)^-CI&%. 
[0 0 2 7] 

{.^mn mi\t. :^^m<o%mm\z^^7nvyi^x. 

(A) tt, APD©lfj<1i^lC*5(t?)A*'f7X«lf5J** 

5^r. APDe> m 1 «ms©stR 1 0±(ci^«ms© 

As'77B2, fi^iii^BS, 3t®iKJB4, 7M9>-> 
x 6 ©Jlilt=-C«P S n, ^©±KRjtt3H8SS 

7 *tEe$nfc«ijgs:^-r-5 tts. 
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[0 0 2 8] p-n^^$fttJTA*7>">x««6 0S 
#^SttlxlO' V/cmU±. t;-i'ffl-e5~6X 
1 0» V/cmtiftoTUS. -:35, 3tR4StB4, 
SgfS3. A'<:/7TS2®S^3SftSl X 1 0' V/c 

[0 0 2 9] mi (B) tt. «)5jcS8t^3©ia>.£Sfl:*^ 

(c) iz^LrcmWiikm&mt^r^mm^ms^m 

[0 0 3 01 ffi*»e;®3£fflV>^Vi#5|^0i| 
lr*3</>TtJ- S3tt^^-rj;5{C. A'-y7r^2 tJtKiR 

[0 0 3 1] z.<7^rcit. -a5©m^Kc:©A-u7Tn« 

[0 0 3 2] *#t^Ttt. WebfcJ;'5fc3t®iR@4. 
iifl^»8^«i 3 . A- s; 7 T S 2 fcTA^ >i'x«(g*s* C 

[0 0 3 3] KT. J^«:W^Jfi«{C»^V»TJ:OI¥K 

kE'<5o g3 4«. ;t:5gl9©*lS«^trJ;S I nP/I nG 
a A s «ffi3tA»U -^^XJV- S AMS!A P D ©St^* 

nPSffi, 2Hn- SlnPAu/^r®, 3ttn- S! I 
n. Gai-i P, Asi-T jfil^a^®. 4 tin" $! I n 
o.53Gao.4rAs3tK'RS, 5(iniai n(i.74Gao.26 
P».4 Aso.6 6ttn- IBInP7M5>->x 

7«p* iilnPS. 8«:«f-H'J>i'. 9ttn 
- 1! I n PS. 1 0»n^ma. 2 1 »pM««. 2 2 

[0 0 3 4] ^<D^'!>is.iAmm^mit-^m^mmt. l 

gg2 3*«. *fc3tAW-r2>«ffi(Ctt3tAit3j«-hJtSlt 
l&jhK2 2*W«3nm^. 
[0 0 3 5] 7n7>->xJi«««l;SL-D::>. ^ff=*^^'J 
7ICHU 7 h^mS'#^-5fc«>lC. n- lJInPA'-;^7 
rS2©:^^V'J7»ffittiii?Jl 0" cm-»t. niilnP 
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•5. 

[0 0 3 6] il^©!^^©!!- ^In. Gai-i P, A 
si-T MJ*a^S3, n- MI no.ssGao.irAs^tK 
iRg4. *5j;C^n^ I no.74Gao.2iiPo.4 Aso.e f 
W^5©=¥^'J7iia[ttl~5X 1 0"cm-'©MJC^ 

j^snr^o, HI (A) 7?^ufcj;5ic, cnsis^ 

(CI X 1 0' V/cm£iT©€ff*5JKJ>£Sn-5. 
[00 37] I no. 74 G ao. 26 Pii.4 Aso.« ^iffl 

^ u rciE?L*^7 A' 7 > -> x^^icftAsn* isro-^x D 

[0 0 3 8] nv77S2. j|if£S^S3> ^9^iR8 

4, 4'rBlS5£^fi?>fc»^li2amK±. C©5-^3tR 
iRH 4 ©P*«*;j 1 . SymTfcS, ;itlS.©Ji 
*aUT^'-V'J7««tJP»®W[. V»teH>SN- 
1. 1 X 1 0'^ cm-^KTTig.Si^CKW-r'SCt 

^ [0 0 3 9] n- S! I n. Gai-, P, Asi-, 

mj£«A'«y7rB2 lC«-r5««®x = y= 1 (In 
P) *^e.^K;JtXH4{cS5-r«>m«©x = 0. 5 3. y = 
0 (I no.6jGao itAs) ^T? I n PC^ft^S^fS 

[0 0 4 0] ::©^, 

y= (0. 4x-0. 22) / (0. 2-0. 0 2 x) 
©H»*«jESDiC-p. 
[0 0 4 1] ZLnm^. v>nm^m^^'h^<hl3.<X 
30 1 . 3 ~ 1 . 6 m m»TS/hSM V-^)Vifi- 3 5 d B 
mar (S«3t*i!^«2. 5Gb/s) ©i«ffi«*# 

0 %«±. 6 0GHz £1±©A P D3}^ h^^-^ :t- 

[0 04 2] gJStt. *5!?g©SiJ©3llfi«l9T*SAPD 

©fl!B£»ffflB3*^-r. **JS«s|t4, 7/'?9>v'x««l 
6*<p- 1! (InGaAs/Al InAs) ©fit^^^ 

[0 0 4 3] 0C*5ViT. 1 l«p* S! I nP»«, 1 
40 2ttp- igA lo.47 I no.sjAs^^i/^rS. 1 3«p 
■ SGao.4? I n».63As!&>^Alo.4? I no.ssAs 
/■?>H^^';/:/a:UT«Eg = 0. 75eV*»e>E 

g = i. 5 e vs^ft-rsisafsa^e. i4«p- si 

no. 6»Gao.4T As:)tKiRS. 1 6ttp- S (I nGa 
A s /A 1 InAs) jB»iF7n5 >->xfll**, 1 7 
n* SInPS. 1 8li;^-H'J>i''. 19«p- HI 
nPS. 2 0»pffi!lSS. 2 1»n«|«a, 2 2U^|t 
V5±S^. 2 3(^«S{«SIBIT&^. 

[0 0 4 4] j@»^7A*7>v'xS-r«. mF^-n-i^y 

50 <k^a*^iE?L©'f*>ft:^i3«>c€<a<©-C, fiSIW 
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[0 0 4 5] Sfc. ^mSW-TH. fI^JS09O«-&tS 

y®i£V^A 1 I n A s T«fi£LTV^^. 
[0 0 4 6] dCOlli. 3t^Wt(±Alt)t(Z>^bT^7'f 

nyY^'?v':f^^t^&miU\<^.tis.t>%. inp 

■r%Al I nAst?t>I^SIOig«*^^6.ns. 
[0 0 4 7] p- m. (A 1. Gai-. ) 0.47 I no.nA 
si(aj*a#)gl 3ttO. 5 ;im®A?i9^4#b. 0. 1 m 

I n G a P A s TJ^^S C t "b-r €r-5. 
[0 0 4 8] Sc:fe. m^a^Sl 3Sfflt=.-r. A*-y7T 
m 1 2 ®±(C3tK«S 1 4 SifiSSmUfc«^tt. iE?L 

[0 0 4 9] ±iE©*]ifi«S|tC:fetiT, A*>;/7rB 

^a»®3(oftt>r)(c> a;«iffl*^&7tKiRS4wci6i 

■pTa^^M nP*>e, I nGaAs iZ^'irtc^ftf -5 I 
nGaAs P«SJ4DlB)iSfflV>Tt>J:Vi. fcfc'U 21© 
I n P»tgtl&^S^$-B--5. 

[0 0 5 0] ite. c:®ai(Sias@&jtKitxs«-c«i 

n G a A s 6«f ICifi^jS^aiYb-r J; 5 IC S^fiJ 
-ce-3£©I nGaAs Pffll^tLTfeiVi. IS. 
^iJES^«^T>t®iRSgi6Stt 1 . 3 m m^T fcT 
[0 0 5 1] W±SliS«aJtcj&-3T*»W?feSillL';t*i, 

[0 0 52] 
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J?CJ;-3TA P DldfpPtJC:;*:^/^^^ U 7 H U 7 hSS« 
[0 0 5 3] fflfiES^^©#A»r<toT. H'J 

a^tt©ffinfc!Stti6APD«#«c:t3j«-e*«. 

10 [01] *?8W©5llfi«l©l!if^*iewr5fc*©HT* 

^. 

[1112] APD§5fcIsIIS©W£^-r[ilK0TabS. 
[03] ^«JC±SAPDlf|jfi$^-r(Sf®HT*«.. 
[04] SIJB*i|{;:J:S«ffi31£A3*y-5^x;P-SAMS 
A P D©«/*Sr*-r»fffi0Tfe5. 
[0 5] SiJ©3IJfiWtC«fcSAPD©«|jS*^T»rffi0T 

1 nPSfi 

ir? 2 n- nPA!y:7rlB 

3 n- ^Inx Gai-i Pr Asi-y 

4 n- ^ I no.53Gao.4r As:)EKW)S 

5 nM I no. 74 G ao. 2$ Po. 4 Aso.e 

6 n- SI nPTA'^>>^x«« 

7 SI nPS 

8, 18 ii-Y^yy^ 

9 n- SI nPS 

1 o> 2 0 wmmm. 

11 SI nPSS 

J(? 12 p- SA 1 I n A s y 

13 p- ffi (AlGa) I nAsiiajJai^B 

14 p-SInGaAs 7t®iKB 

16 p-S(InGaAsXAlInAs) jet&TT 

17 n^ SI nPS 
19 p- SI nP® 

2 1 

2 2 wsmm, 

2 3 SMAffiR 
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(6) «fBB¥6-6 1 5 2 1 

mU [03] 



(A) «««<D1R««^^« 




m2] 

ik) yh*-ry7.m (B) V7VX'f :^h'-^yx^ 
CdiAPD CdiAPD 




Rl 



Rf 



— wv r 
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(7) 
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mm 



mmm 





l:n+-lBPMS 

2 : n--I»P/<y77l 

3: n--I.,Gai-,PyAs|.,«JJca»l 

4: n"-lBo.s3GiijiAs**«ff 

5 : n^Iin.i4Ga#.tiPMA$M«t>BI|/B 

6: n-InPT/^^ys/xli* 

7:p+-I»P» 

9:n--lDP» 

1 0 : n19J«6 

2 1 : Pl9Jm« 

2 2:^ltlE5ii:» 
2 3:d^]B!maff 



ll:p+-Ii»PS« 

12 : p'-AlIiAs'^y 77l 

13:p--(AlGa)InAsa«a»J 

14: p--Ii.G»Aj*qft«« 

16: P-- (IftGaAs/AtInA«)ffl»?^T^*7VS/. 

17:n+-I«PS 

19:p--IflPIH 
20:P16I«« 
21 :ntn<« 
22:J^»tnil:fil 

23:%sr«SBI 
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